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INTRODUCTION 


Background:  The  genes  that  predispose  to  breast  cancer  development  in  most  women  with  a  family  history 
of  breast  cancer  have  yet  to  be  identified.  One  hypothesis  is  that  in  some  families  the  predisposing  alleles 
will  confer  only  a  slight  increase  in  risk  and  that  cancer  development  will  be  the  result  of  the  interaction  of 
several  genes.  The  difficulty  will  be  in  identifying  genes  that  either  moderately  increase  risk  of  tumor 
development  or  modify  the  course  of  tumor  progression.  Identification  of  such  loci  will  aid  in  our 
understanding  of  the  process  of  tumor  development  and  progression  and  may  lead  to  the  development  of  new 
treatment  or  prevention  strategies.  We  propose  to  use  genetically  predisposed  mice  to  identify  genes  that 
modify  the  course  of  tumor  development  or  progression.  Mice  carrying  a  mutant  allele  (Apc^m)  of  the  Ape 
gene  are  predisposed  to  the  development  of  mammary  carcinomas.  Treatment  with  ethylnitrosourea  (ENU), 
a  direct-acting  alkylating  agent,  increases  the  incidence  and  decreases  the  latency  of  tumor  development. 
Genetic  background  affects  the  number,  latency,  and  type  of  lesions  that  develop  after  ENU  treatment.  More 
than  90%  of  C57BL/6J  (B6)  Ap c^'”/+  female  mice  develop  an  average  of  three  mammary  squamous  cell 
carcinomas  by  60  days  after  ENU  treatment,  but  few  hyperplastic  lesions.  In  contrast,  ENU-treated  FVBxB6 
Apc^in/+  female  mice  develop  an  average  of  four  alveolar  hyperplasias  but  squamous  cell  carcinomas  or 
adenocarcinomas  only  rarely  and  with  increased  latency. 

Hypothesis/Objective:  We  propose  that  the  loci  that  control  the  resistance  to  tumor  development  and 
progression  in  the  FVBxB6  Apc^' 7+  mice  can  be  identified  by  backcross  analysis.  The  ultimate  goals  of  this 
research  are  to  identify  novel  loci  that  control  the  resistance  to  carcinoma  development  and  determine  the 
molecular  mechanism  of  resistance. 

Specific  Aims:  1)  To  use  standard  backcross  analysis  to  map  genes  controlling  the  progression  from 
hyperplastic  to  neoplastic  lesions  in  FVBxB6  FI  mice.  2)  To  generate  and  characterize  congenic  lines  of 
mice  carrying  the  modifiers  as  a  first  step  in  the  molecular  identification  of  the  modifier  loci.  3)  To 
investigate  the  time  course  of  molecular  and  histological  development  and  progression  of  the  hyperplasias 
and  tumors. 

Study  Design:  We  will  use  standard  mapping  techniques  to  identify  the  chromosomal  locations  of  loci  that 
control  tumor  development  and  progression  in  B6x(FVBxB6)  Apc^‘"M  female  mice.  We  will  then  generate 
and  characterize  congenic  lines  of  mice  carrying  the  resistance  loci  from  the  FVB  strain  on  the  sensitive  B6 
background.  This  will  allow  us  to  confirm  the  effect  of  the  loci  on  tumor  development.  These  congenic 
lines  will  provide  valuable  tools  for  the  investigation  of  the  identity  of  the  modifier  loci  and  the  molecular 
mechanism  of  resistance.  To  investigate  the  time  course  of  tumor  development,  we  will  collect  mammary 
tumors  and  hyperplasias  from  B6  and  FVBxB6  ApdMml+  mice  at  various  time  points  after  ENU  treatment. 

We  will  also  determine  the  expression  of  APC  and  (3-catenin  in  the  tumors  and  hyperplasia  as  a  preliminary 
characterization  of  the  molecular  development  of  tumors. 

Relevance:  These  studies  will  provide  identify  novel  loci  that  affect  the  process  of  tumor  development  and 
progression.  The  FVBxB6  Apcfi'n/+  mouse  model  provides  and  excellent  opportunity  to  identify  genes  that 
control  tumor  progression.  The  congenic  lines  that  will  be  produced  will  be  a  unique  resource  with  which  to 
study  tumor  development  and  progression.  Ultimately,  understanding  of  tumor  progression  will  aid  in  the 
development  of  strategies  for  prevention  and  treatment. 
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BODY 


I  have  listed  below  each  of  the  tasks  outlined  in  the  Statement  of  Work  from  the  original  grant 

proposal.  After  each  task,  the  progress  made  is  described. 

Task  1:  Generate  FVBxB6  FI  female  mice  and  B6  Min/+  male  mice  for  the  production  of  the  backcross 
progeny. 

•  Production  of  20  FVBxB6  FI  female  mice.  Months  1-3.  Ongoing,  we  continue  to  generate  FI 
mice  to  continue  backcross  production. 

•  Production  of  20  B6  Min/+  male  mice.  Months  1-8.  Ongoing:  as  B6  Min/+  mice  only  live 
about  100  days  so  we  continually  produce  them. 

Task  2.  Backcross  production  and  analysis. 

•  Production  of  backcross  mice.  Months  3-14.  Ongoing:  to  date  have  produced  and  genotyped 
about  140  Min/+  backcross  progeny. 

•  ENU-treat  300  female  Mn/+  backcross  mice.  Months  4-12.  Ongoing:  we  have  ENU  treated 
125  backcross  progeny  to  date. 

•  Dissection  of  300  backcross  mice.  Months  7-15.  Ongoing:  we  have  dissected  about  100  mice 
to  date.  As  we  have  never  tested  for  tumor  development  in  these  mice,  we  first  did  a  pilot  study 
of  about  40  mice  to  identify  the  best  time  to  euthanized  the  mice  and  count  and  collect  tumors 
and  mammary  glands.  Through  observation,  we  have  found  that  some  of  the  backcross  mice 
have  tumors  and  must  be  euthanized  by  80  days  after  ENU -treatment.  However,  few  needed  to 
be  euthanized  before  70  days  after  treatment.  As  many  mice  developed  tumors  by  that  time,  we 
chose  to  dissect  all  subsequent  mice  70  days  after  treatment. 

•  Collection  and  processing  of  mammary  glands  and  tumors.  Months  7-16.  Ongoing:  glands 
have  been  collected  from  all  of  the  dissected  mice  and  are  being  processed  (this  takes  about  3 
weeks  from  collection). 

•  Evaluation  of  stained  mammary  glands,  enumeration,  and  dissection  of  hyperplasias  and 
neoplasias.  Months  8-24.  Ongoing:  glands  are  evaluated  as  they  are  ready. 

•  Processing  and  sectioning  of  hyperplasias  and  neoplasias.  Months  8-24.  Pending:  we  will 
collect  tumors  and  hyperplasias  from  the  first  100  mice  before  we  send  them  for  sectioning. 

•  Evaluation  and  interpretation  of  histological  sections  of  tumors  and  hyperplasias.  Months  9-30. 
Pending 

Task  3.  Mapping  of  modifier  loci. 

•  Identification  of  SSLP  markers  for  analysis.  Months  6-12.  Ongoing:  we  have  identified 
markers  from  databases  on  all  chromosomes  and  are  in  the  process  of  confirming  that  they 
will  be  useful.  We  are  also  in  the  process  of  identifying  markers  to  fill  in  gaps  where  there  are 
no  known  markers  and  testing  them  for  polymorphisms.  To  date  we  have  identified  sufficient 
markers  on  4  chromosomes. 

•  Isolation  of  DNA  from  spleen  samples  from  the  BC  mice.  Months  12-16.  Pending:  we  will  start 
this  when  the  marker  identification  is  complete. 

•  Genotyping  of  BC  mice  with  SSLP  markers  and  data  entry.  Months  16-20.  Pending 

•  Analysis  of  BC.  Months  20-22.  Pending 

•  Preparation  of  publication.  Months  22-26.  Pending 
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Task  4.  Analysis  of  time  course  of  tumor  development  in  B6 Min/+  and  FVBxB6  Min/+  mice. 

•  Production  of  100  B6  Min/+  and  100  FVBxB6  Min/+  mice.  Months  1-12.  Ongoing:  We  have 
produced  80  FI  mice  and  are  beginning  production  of  B6  Min/+  mice.  This  should  be 
completed  over  the  summer. 

•  ENU  treatment  and  tumor  collection.  Months  3-15.  Ongoing:  about  40  FI  mice  have  been 
treated  and  glands  and  tumors  collected. 

•  Preparation  and  evaluation  of  mammary  whole  mounts  and  tumors  for  histology.  Months  6-24. 
Ongoing:  this  will  continue  as  mice  accrue  in  the  study. 

•  Histological  evaluation  of  tumors  and  hyperplasias  (in  collaboration  with  Dr,  R.  Cardiff)  and 
analysis  of  data.  Months  8-30.  Pending  collection  of  more  samples. 

•  Preparation  of  publications.  Months  30-36. 

Task  5.  Molecular  characterization  of  tumors. 

•  Characterization  of  antibody  reagents  for  tumor  analysis.  Months  12-18.  Pending. 

•  Analysis  of  tumors  and  hyperplasias.  Months  18-32.  Pending. 

•  Preparation  of  publications.  Months  32-36.  Pending. 

Task  6.  Production  and  characterization  of  congenic  lines.  Pending. 

•  Production  of  up  to  9  congenic  lines,  3  for  each  of  three  “modifier”  loci.  Up  to  1 80  mice/ 
generation.  Months  18-36. 

•  Production  and  testing  of  N4  congenic  Min/+  females  for  preliminary  testing.  40 
females/congenic  line.  Months  28-36. 

•  Analysis  of  results  and  preparation  of  publication.  Months  34-36. 

KEY  RESEARCH  ACCOMPLISHMENTS 

>  We  have  identified  a  time  after  ENU  treatment  for  the  dissection  of  the  backcross  mice.  We  are  finding 
that  some  of  the  mice  develop  tumors  and  need  to  be  euthanized  by  80  days  after  treatment.  Therefore, 
to  minimize  the  number  of  mice  that  must  be  dissected  early,  we  have  chosen  70  days  after  ENU. 

REPORTABLE  OUTCOMES 

Oral  Presentation: 

None 

Manuscripts: 

None 

CONCLUSIONS 

None,  all  experiments  are  ongoing. 

REFERENCES 

none 

APPENDICES 

none 
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